Abstract: Rheumatoid arthritis (RA) is characterized by the infiltration of leukocytes into the synovial tissue and synovial fluid of joints, ultimately leading to destruction of cartilage and bone. Low-level laser irradiation (LLLI) is evaluated for treating RA, however, the molecular basis mechanism underlying the effectiveness of LLLI is unclear. Chemokines and those receptors play a central role in the progression of RA inflammation. CXCR3 may be recruited directly from the circulation into the synovial sublining regions by its ligand, CXCL9, produced by synovial fibroblasts. The objectives of this study were to determine whether LLLI decreased production of CXCR3 and CXCL9 in RA joints of type II collagen induced RA (CIA) rats. Total RNA was isolated from rat knee joints with or without treatment of 830 nm LLLI irradiation, and gene expression profiles were analyzed by DNA microarray (Affymetrix, 41,000 genes). As results, LLLI significantly reduced CXCR3 mRNA level, but not significantly reduced CXCL9. The reduction of CXCR3 mRNA levels was confirmed by RT-PCR and real-time PCR. Since CXCR3 plays an important role of the progression of RA, the reduction of CXCR3 gene expression may be one of important mechanisms in reduction of inflammation in RA joints by LLLI.
Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by pain and inflammation, progressive joint destruction, significant disability, systemic manifestations and premature mortality 1) . This disease is characterized by the infiltration of leukocytes into the synovial tissue and synovial fluid of joints, ultimately leading to destruction of cartilage and bone 2) . Inflammation of the synovial lining of joints results in further increase in the expressions of inflammatory cytokines and chemokine-mediated recruitment of additional inflammatory cells, as well as activation of B cells with autoantibody production. A vicious cycle of altered cytokine and signal transduction pathways and inhibition of programmed cell death contribute to cartilage and bone destruction by human fibroblast-like synoviocytes and osteoclasts [3] [4] [5] . Collagen-induced arthritis (CIA) is an animal model of RA that is widely used to address questions regarding the pathogenesis of RA and to validate therapeutic targets. The pathological features of CIA include proliferative synovitis with infiltration of polymorphonuclear and mononuclear cells, pannus formation, cartilage degradation and erosion of bone 6) .
Many treatments are available to relieve RA-associated pain.
A non-invasive physiological therapy such as low level laser irradiation (LLLI) could be important for managing pain. The different wavelength laser therapies have been used to the reduction of inflammation and the relief from pain, and bone formation 7) including He-Ne, Ga-Al-As (805 or 650 nm) and GaAs (904 nm). However, there are few studies on the mechanism of anti-inflammatory effects of laser irradiation; most of the studies deal only with the analgesic properties of laser and the efficacy of LLLI as an anti-inflammatory therapy is still controversial 8) . The interaction of LLLI with the biological system occurs at the cellular level, but the mechanisms involved are yet unknown. Some reports suggest that there exist therapeutic advantages in the application of Ga-Al-As diode laser to inflammatory pathologies compared to placebos and other treatments 9, 10) . In our previous study, Ga-Al-As diode LLLI significantly reduced the swelling of CIA rat joints and reduced CXCL13 gene expression 11) which plays a key role of the progression of RA, suggesting Ga-Al-As LLLI is effective therapy to RA.
It has been reported that chemokines and those receptors play a central role in the progression of RA inflammation, and CXCR3 may be recruited directly from the circulation into the synovial sublining regions by its ligand, CXCL9, produced by synovial fibroblasts 12) . However, effect of LLLI on CXCR3 gene expression in the inflamed arthritic joint has not been reported. In the present study, effect of LLLI on CXCR3 and CXCL9 gene expression in joint tissues in CIA rats was examined.
Materials and methods

Animal experiment
Female Lewis (LEW/CrlCrlj) rats, 6 weeks old, were injected A Ga-Al-As diode laser device (Model ZH-M143DJP;
Panasonic Industrial Equipment Inc., Japan) was used as a laser source. This laser therapy system utilizes a wavelength of 830 nm and output power of 100-700 mW, which is variable in a continuous wave (c/w). In the present study, an output power in a c/w of 500 mW was selected. The probe was fixed at 550 mm from the tissue to be irradiated, giving a spot size of 78.5 cm 2 ,
with an incident power density of approximately 6.4 mW/cm 2 .
The irradiation time was 20 min, which equaled an incident energy density of 7.64 J/cm 2 . Each experimental group was carried out by 3 rats. Microarray 4 x 44K (Agilent; 41,000 rat genes and transcripts).
DNA microarray analysis
Finally, DNA microarrays were scanned using Agilent Microarray Scanner (Agilent), and analyzed using Agilent Feature Extraction software (Agilent) and GeneSpring GX10 software (Agilent).
RT-PCR and real time PCR analysis
RT-PCR and real-time PCR reactions were carried out using a bp); 5'-atggccttccgtgttcctac-3'(the forward primer for GAPDH);
and 5'-ggagacaacctggtcctcag-3'(the reverse primer for GAPDH gene), (predicted size=159 bp). Values were calculated as means ± standard deviation (SD). Comparisons were made between two groups using a Student's t-test.
Results
Table1 shows the results of raw mRNA signals of DNA microarray analysis of CXCR3 and CXCL9 in CIA rat joint tissues with or without LLLI. The CXCR3 genes which expressed were selected by FFlag analysis as "Present" (P) with more than 2-fold changes on 1-, 2-weeks, but CXCL9 was selected to "Absent" on 1-week and and showed less than 2-fold change on 2-week. showed no differences in all these samples.
Another experiment to determine the exact rates of the reduction of CXCR3 gene expression was performed using real-time PCR. Fig. 3 Real-time PCR analysis of CXCR3 mRNA levels. Results were expressed as mRNA copy unit by normalization to a housekeeping gene (GAPDH). Significant differences were determined using Student's t-test. ** p<0.001, * p<0.05 n=3.
